Abstract: Water solutions with very small argon partial pressures were investigated. The experiments were performed in a sealed cell. me argon was used in both a pure form and in mixtures with other gases. A regime of stable sonoluminescence was seen at lower driving pressures for argon partial pressure down to 0.01 Torr. Mie scattering, light pulse measurements, and visuat observations over tens of thousands of cycles were used to detetine if the bubble was stable. As the drive pressure was increased, the bubble moved into a slow time scale instability on the order of severat seconds which sometimes caused break up. These experiments are discussed and compared to other publishd data involving gas mixtures at saturation levels up to 1 atm.
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BACKGROT he sensitivity of single bubble sonoluminescence (SBSL) (1) to the concentration of noble gas present in the fluid (2) is one of the many interesting features of SBSL. In fact, it has been suggested by Lohse et al. (3) that only the noble gas saturated in the fluid plays a role in SBSL, Their calculations for the phase space of a pure argon bubble at 0,2% saturation agree quite nicely with experiments performed by Holt and Gaitan (4) with an air bubble at 20% saturation. Detailed phase space diagrams such as those found for air mixtures by HoIt and Gaitars and for assorted mixtures of nitrogen and noble gas by Barber et al. (5) are still rather scarce leaving a great ded of work still to be done. The intent of this work is to map out the phase space of SBSL for varid gas saturation levels down to partial pressures of 0.01 Tom.
E~ER~NTAL APPARA~S Figure 1 shows a schematic of the experimental apparatus that combines a side and a top view. The side view shows the acoustically resonant cell used in the experiments. It is constructed of a quartz crystal cylinder with brass endcaps and is operated in the (=2,0=0,2=2) which corresponds to a frequency of 32.5 kHz. Vacuum fittings placed in the endcaps allow a thermocouple, electrolysis insert, and hydrophore to be slid into the interior of the cell. A piezoelectric "pill" transducer is also attached to the upper endcap, providing an alternate means of recording the acoustic pressure in the cell. Fluid is transferred into the cell by means of quick-release fittings in the brass endcaps.
The side view of the apparatus shows the diagnostic tools employed to determine the size of the bubble and the intensity of light emission from the bubble. The size of the bubble is detected using light scattering (2,4) and with a stroboscopic method (4, 6) . Photomultiplier tube (PM~#1 is used for light scattering. It collects the scattered light from a 30 mW He-Ne laser at 80°from the forward direction. PMT #2 is used to measure the relative light intensity of SBSL. IG~1. Combined side and top view of experimental apparatus. PMT #l is a Thorn EMI 9798B and has an interference filter which passes only the scattered laser light. PMT #2 is a Thorn EMI 9887B with a colored glass filter in front of it to reject scattered laser light.
Nearly real time sizing of the bubble is achieved with a stroboscopic method, A superbright light-emitting diode is strobed with a pulse length of 70 ns at a frequency 0.1 Hz greater than the acoustic drive frequency. The bubble is imaged with a digital output CCD (Pulnix TM-9701) attached to a microscope and a litde over a full cycle of the oscillation is transferred to the computer via an Epix PIXCI-D digital frame-grabber card, The images are then processed to extract RT curves. The whole process takes several minutes.
Not pictured in the diagram is a separate automated gas handling system that allows two gases to be mixed into the fluid at the desired saturation level. The fluid is prepared outside of the resonant cell and then transfemed to the cell under the partial pressure it was mixed at so as not to alter the gas concentration of the fluid,
EXPERIMENTAL PROCEDURE
The experimental procedure commenced with the preparation of the fluid. A flask with distilled, filtered water was connected to the gas handling system and cell. The fluid was degassed and the desired gas concentration was mixed in. The fluid was then transfemed to the cell, and the fluid pressure was then equilibrated to one atmosphere. Once a bubble was seeded with the electrolysis insert, data acquisition commenced.
For each gas saturation, several parameters in the SBSL regime were recorded at incremental acoustic drive pressures. These include relative light intensity, ambient radius, maximum radius, and the apparent stability of the bubble. The fluid temperature was also noted during the data run, SOME~I~AL RESULTS Table 1 shows the results from several early runs. At the time the data was collected, the CCD imaging system was not yet in place so there is no information about the bubble's size. The temperatures for each case remain fairly constant so differences in light intensity are due to changes in the bubble dynamics, The observations that different saturation levels of pure argon have about the same maximum light intensity and that this value is about 'A that of air at 20% saturation agree with what is reported in Fig. 2 of Ref. (2) . What is interesting is the case of c 0.01 YO argon (essentially degassed water with no gas mixed in) which is much brighter than the other argon runs. The pressure ranges of SL are lower than reported elsewhere indicating that there may be a problem with the calibration of the hydrophore used to take the measurements. These and additional results will be discussed. 
